Spark-generated bubble behavior was observed in an unbounded fluid and in the vicinity of a wall, both for water and a polymer solution. The formation of the re-entering jet close to the wall is retarded in the presence of polymer additives.
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Numerous experimental results seem to confirm the fact that the addition of small amounts of drag-reducing polymers reduces the inception cavitation index of a variety of flows. Two physical explanations for such a reduction have been suggested. Ting and Ellis2 and Ting 3 consider that the basic mechanism for the suppression of flow-generated cavitation perhaps lies in the effect of polymers on the overall flow field and velocity distribution and not on the effect of polymers on the growth and collapse of individual vapor bubbles. On the other hand, experiments conducted by Hoyt 4 demonstrated that the onset of acoustic cavitation in a stagnant fluid is considerably delayed in dilute polymer solutions and fiber suspensions as compared with the onset in pure water. Based on these results it appears that cavitation inhibition is related to the inherent properties of polymer solutions and to the particular flow situation. In order to further investigate this question a program of research on the behavior of spark-generated bubbles in an unbounded fluid and in the vicinity of a solid wall is being conducted. This note presents the preliminary results of this research program. The readers are referred to Refs. 5 and 6 for the details of the experimental technique used in these tests.
The experiments conducted with distilled water and 250 ppm solution of Polyox WSR 301 in an unbounded fluid demonstrated that there was no detectable difference between bubble growth, collapse and rebound in water and polymer solution. This is in agreement with previous results by Ellis and 'I'ing." It should be noted, however, that the duration of spark-generated bubbles was between 0.4 and 7 x 10-3 sec. These durations are well above those corresponding to the acoustically generated cavities investigated by Hoyt" which showed the existence of polymer additive effects.
It is known that the collapse of a bubble near a solid wall is accompanied by the formation of are-entering jet S -IO in the vicinity of which the strain rates can largely exceed those usually encountered during the collapse of a spherical cavity of equal diameter in an unbounded fluid. Since polymer solution effects are believed to occur for strain rates exceeding the inverse of a characteristic (relaxation) time, provided that such 1406
Phys. Fluids 22(7), July 1979 0031-9171/79/071406-02$00.90 1406 a strain rate is applied during a sufficient period of . " time, it was tempting to investigate the effect of polymer additives on the development of the re-entering jet. Experiments were conducted with distilled water and a 250 ppm Polyox WSR 301 solution. Attention was focused on the time evolution of the point on the bubble where the re-entering jet would be initiated, point A in Fig. 1 . The distance R A between the center of the first bubble image and this point, divided by the maximum bubble dimension achieved in the lateral direction, Rc,ma. was plotted against the time divided by the Rayleigh time T R for a bubble of radius Rc,ma.' Figure  2 displays the data obtained for water and for a polymer solution. In the first case, depending on the ratio 1] between Rc,max and L, the distance of the center of the first image to the wall, the bubble remains spherical (1]< 0.3) or will Significantly depart from sphericity (1]» 0.3). S-10 In fact, for values of 1] up to 0.5 the bubble remains practically spherical although its shape changes from a slightly prolate spheroid during growth to a slightly oblate spheroid during collapse. As confirmed by the experimental results, polymer additives do not affect the relative motion of point A for values of 1] in the order of 0.5. This is in agreement with the consideration that the bubble remains spherical for these values of the dimensionless length parameter. For values of 1] much larger than 0.5, such as 1. 25 for water and 1.34 for polymer solutions, the differences in behavior are substantial, (Fig. 3) . In the growth region there is no Significant difference between the behavior in water and polymer solution. After reaching the maximum, the polymer solution has a retardation effect on the motion of point A toward the wall. tion from sphericity. This gives a first indication that the intensity of the r e-entering jet and thus of the erosion may be reduced by drag-reducing polymer additives.
In conclusion, the experiments of single bubble collapse in the vicinity of a wall give further strengh to the earlier results by Hoyt 4 and confirm the fact that the properties of the drag-reducing polymer solutions are, at least partially, responsible for the cavitation inhibition observed under different flow conditions. This work was partially supported by the Direction
